In the genome, primary microRNAs (pri-miRNAs) are encoded either as independent transcriptional units with their own promoters (intergenic miRNAs) or within the introns of other genes (intronic miRNAs).
Introduction
It is now well established that RNAP II transcription is functionally coupled to numerous steps in gene expression, including capping, splicing, polyadenylation, pri-miRNA processing, non-sense mediated decay, and mRNA export [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This coupling potently increases the rate and efficiency of the steps in gene expression and likely enhances the overall fidelity and efficiency of gene expression. MiRNAs are small, non-coding RNAs with critical roles in posttranscriptional control of gene expression [14] [15] [16] [17] . In mammalian cells, most miRNAs are transcribed by RNAP II to generate primary miRNAs (pri-miRNAs) transcripts [14] . The majority of pri-miRNAs are found within introns of other genes, and these intronic miRNAs are either processed directly from the intron or the intronic miRNAs have their own promoters. In some cases, pri-miRNAs are encoded as individual transcription units, and these intergenic miRNAs are transcribed by their own promoter. Pri-miRNAs are first processed in the nucleus by the microprocessor complex (Drosha and DGCR8) into ~70 nt hairpin precursor miRNAs (pre-miRNAs), which are then exported to the cytoplasm and further processed by Dicer to generate mature miRNAs [18] [19] [20] [21] [22] . The steps of the pri-miRNA processing reaction were first elucidated using in vitro systems in which naked pri-miRNA transcripts generated by T7 RNA polymerase were processed in whole cell lysates or by purified Drosha/DGCR8 [20] [21] [22] . In vivo studies subsequently reported that pri-miRNA processing is coupled to RNAP II transcription [23] . To understand the mechanisms underlying this coupling, we previously developed an in vitro system in which RNAP II transcription is functionally coupled to pri-miRNA processing [12] . In addition, we have also developed a three-way system for RNAP II transcription/pri-miRNA processing/splicing [24] . In the first system, pri-miRNA is transcribed by RNAP II and processed in HeLa cell nuclear extracts [12] . In the second, a miRNA is present in the intron of a splicing substrate. The pre-mRNA containing the intronic miRNA is transcribed by RNAP II and then undergoes both splicing and pri-miRNA processing [24] . These systems provide useful tools for investigating the mechanisms involved in linking RNAP II transcription, splicing, and pri-miRNA processing.
Materials
All solutions are prepared using analytical grade reagents and ultrapure water (Milli-Q purified deionized water at a sensitivity of 18 MΩ cm at 25 °C). Storage temperature of each reagent is listed below.
1. CMV-DNA plasmids encoding pri-let-7a-1 (CMV-let-7a) or FTZ pre-mRNA containing pri-let-7a in the intron (CMV-FTZ-let) should be stored at −20 °C in 1× TE buffer (Tris-HCl, pH 8.0, 1 mM EDTA). Dilute the plasmids to a working concentration of 5 ng/μL before use.
2. CMV-DNA templates are generated by PCR. The PCR primers are CMV_F: 5′-TGGAGGT CGCTGAGTAGTGC-3′ and CMV_R: 5′-TAGAAGGCACAGTCGAGG-3′. Make 100 μL aliquots at a final concentration of 10 μM and store at −20 °C. 
Methods
Carry out all procedures on ice unless otherwise specified. 5. Place 5 μL of the reaction mixtures in a new tube and add 18.2 μL fresh nuclear extract and 1.8 μL 80 mM MgCl 2 to allow pri-miRNA processing at 37 °C for specified times indicated in Fig. 1 . 17. Transfer the gel to Whatman paper and dry the gel on a gel dryer for 30 min at 80 °C.
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18. Put the gel in a PhosphorImager cassette, expose 1-12 h, and scan the gel using a PhosphorImager. CMV-FTZ-let DNA template was incubated in nuclear extract for 20 min to assemble a pre-initiation complex followed by addition of 32 P-UTP, ATP, and Creatine Phosphate and continued incubation for 10 min. α-Amanitin was added to stop transcription and incubation was continued for the indicated times. Full length transcript, spliced mRNA, exon1, pre-miRNAs, and 5′/3′ flanks are indicated. Markers (in base pairs) are indicated and Ori indicates the gel origin. Samples were run for 1 h. (c) Same as (b), except that samples were run for 2 h to obtain a better separation of pre-mRNA and 5′/3′ flanks 
Notes
1. In some preparations of nuclear extract, RNAP II transcribes end to end in a promoter-independent manner. If you are using your own DNA template, use the smallest possible PCR fragment that contains your sequence of interest to avoid large end-to-end transcription products.
2. HeLa nuclear extract was prepared as described [25] except that the final centrifugation following dialysis was omitted, which results in increased efficiency of RNAP II transcription.
3. Samples in TRIzol are stable at room temperature and can be stored until all of the time points have been collected. At this step, samples can also be stored at 4 °C overnight and processed later.
4. Ensure that the pellets are dry before adding the formamide loading dye because any remaining ethanol will add to the volume of the sample as well as distort migration of the bands on the gel.
